., ﬁb-ﬁi‘. 430 CONDUCTIVITY DSC FTIR AND NMR STUDIES OF POLY(VINYL tYe

ACETATE> COMPL|
DEPT OF PHVSIC
UNCLASSIFIED N@@014-85-AF-9

ED Hl

CU) NAVAL RCADEMY ﬂNNﬁPOLIS D
J FONTANELLA ET AL. 01 §

Fuuen
one




o
FEEER
H

N

o

;s s =" g

r
[4
re

FrEE
B

I~
O

., MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAY OF STANDARDS - (963 - A




AD-A160 450

OFFICE OF NAVAL RESEARCH

Contract NO0014-85-AF-00001
Task No. NR 627-793
TECHNICAL REPORT NO. 20

Conductivity, DSC, FTIR, and NMR Studies of Poly(vinyl acetate)
Complexed with Alkali Metal Salts
by
John J. Fontanella and Mary C. Wintersgill
Prepared for Publication
in the

Proceedings of the 5th International Conference on Solid State Ionics

DTIC

U. S. Naval Academy ELECTE

Department of Physics OCT 2 2 1985 |
Annapolis, MD 21402

September 1, 1985
' h
é-
! Reproduction in whole or in part is permitted for
5 any purpose of the United States Government
(i This document has been approved for public release
o> and sale; its distribution is unlimited

m

..........................................
.................
..........................

...........
.........................
.........................



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEF OB CONPL e FORM
1. REPORTY NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'’S CATALOG NUMBER
20 AR

. TITLE (and Subtitie 5. TYPE OF REPORY & PERIOD COVERED

Conductivity, DSC, FTIR, and NMR Studies of
Poly(vinyl acetate) Complexed with Alkali Metal Interim technical report

Salts 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
JOHN J. FONTANELLA & MARY C. WINTERSGILL N000L£§5—AF-00001
- 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

Physi cs Department AREA & WORK UNIT NUMBERS

\ U.S. Naval Academy _

: Annapolis, MD 21402 NR No. 627-793

t 11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Office of Naval Research September 1, 1985
Attn. Code 413, 800 N. Quincy St. 3. NUMBER OF PAGES
Arlington, VA 22217 6

14. MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Oflice) 1S. SECURITY CLASS. (of this report)

b

4

p

i-

- 15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

3 Approved for public release and sale
¥ Distribution unlimited.

17. OISTRIBUTION STATEMENT (cf the abetract entered In Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide If necessary and identily by block number)

poly(vinyl acetate), electrical conductivity, differential scanning
calorimetry, nuclear magnetic resonance

. 20. ARSI RACT (Continue on reverae eide If neceseary and identify by block number)

" \

“Electrical conductivity, differential scanning calorimetry, and nuclear
magnetic resonance studies have been carried out on poly(vinyl acetate)
after the addition of various lithium salts. In the case of lithium
triflate, the resultant polymer is po]y%viny] alcohol). Relatively large
conductivites are observed after initial preparation, but these decrease
with time when the material is in vacuum. The conductivities exhibit
approximately Arrhenius behavior and increases with salt concentration.

an 'Sgs’fn 1473 EDiTION OF 1 NOV 63 15 OBSOLETE 'y
S/N 0102-LF-014-6460)




e e LUETT w

L HETY CLASSIFICATION GF THIS PAGE(When Data Enterad)

in addition to the conductivity,
A11 results are 1nter?

NMR, FTIR, and DSC results are presented.
where water is the so

reted in terms of the model of Wissbrun and Hannon
vating species

A

Accession gor

TNTIS GRA#I

DTIC TAB O
Unannounced O l
Justificstion

By

Distributien/ —

Avallability Codes

TAvatl and/or
Dist Special

|
A

I

CPRNE ST R SYE R AT IRCR St S R S C It ST R SR Ll T IL TR TN PP P I
Tt AL AT SR LR CR SRS N e e A T S T N L T G LR
DO A A1 3 L N T Y I N N A A I A




Py ——— (AR AR B B A

/

v .
'f CONDUCTIVITY, DSC, FTIR, AND NMR STUDIES OF POLY(VINYL ACETATE) COMPLEXED WITH
b ALKAL] METAL SALTS*
3 M. C. WINTERSGILL, J. J. FONTANELLA, J. P. CALAME, M. K. SMITH

Physics Department, U. S. Naval Academy, Annapolis, MD, USA 21402
[ Taylor B. JONES
o Chemistry Department, U. S. Naval Academy, Annapolis, MD, USA 21402
S S. G. GREENBAUM, K. J. ADAMIC, A. N, SHETTY . A

Hunter College of CUNY, New York, NY, USA
C. G. ANDEEN
Case Western Reserve Unversity, Cleveland, OH, USA 44106

10021

Electrical conductivity, differential scanning calorimetry, and nuclear magnetic resonance studies
have been carried out on poly(viny] acetate) after the addition of various lithium salts. In the
case of lithium triflate, the resultant polymer is poly(vinyl alcohol). Relatively large
< conductivites are observed after initial preparation, but these decrease with time when the
material is in vacuum. The conductivities exhibit approximately Arrhenius behavior and increases
with salt concentration., In addition to the conductivity, NMR, FTIR, and DSC results are
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presented.
is the solvating species.

1. INTRODUCTION

Poly(vinyl acetate) (PVAc) is known to form
complexes with inorganic salts, ] Further, PVAc
forms blends: with the classic ijon conducting
polymer, poly(ethylene oxide) (PEO).2 Con-
sequently, new studies of the properties of fon
A pre-
liminary note describing some of the properties
of PVAc containing LiC104 has been published
previous]y.3 In addition, Armstrong and Clarke
have recently reported the electrical
properties of salts in co-polymers of PVAc and
poly(ethylene adipate).4 In the present paper,
various properties of PVAc after the addition
of several lithium salts are reported.

containing PVAc have been undertaken.

2. EXPERIMENT

The PVAc (MW 1.5x106) was obtained from
A11 of the sample prepa-
ration procedures were carried out in a dry box
or vacuum oven. The polymer and salts,
LiCF 3503, L1C104, and LiSCN were dissolved in

Polysciences, Inc.

A1l results are interpreted in terms of the model of Wissbrun and Hannon where water

methanol at about 55°C and cast onto a teflon
plate in a glass retaining ring. The samples
were initially dried at room temperature in
flowing dry nitrogen and then were transferred
to a rough pumped vacuum oven for final drying
at about 65°C. For all salts except LiCF3503,
the result was a clear film. For LiCF3503 a
white precipitate was obtained which was vacuum
dried and hot-pressed at about 100°C into a
disk 25.4 mm in diameter and 1 mm thick. A
clear, amber sample was obtained.

A1l DSC and electrical measurements were
carried out using the equipment described
elsewhere.® The resultant complex impedance
plots were similar to that shown in fig. 1 of
ref. 5 and the techniques used to reduce the
data are the same as in ref. 5. Some resultant
conductivities are plotted in fig. 1 for
various samples. Infrared (FTIR) data were
obtained using a Perkin Elmer 1750 Infrared
Fourier Transform Spectrometer. Thin samples
were obtained by casting films on either AgCl,

*Work supported in part by the Office of Naval Research, the Naval Academy Research Council, and the
CUNY PSC-CUNY Research Award Program.
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FIGURE 1
Electrical conductivity vs. reciprocal temper-
ature for: (a) PVAc:LiSCN (1:1); (b) PVAc:
LiSCN (2:1); (¢) PVOH:LiCF3SO3.

AgBr, NaCl, or KC1 windows which were dried in
a vacuum oven, Nuclear magnetic resonance
studies (NMR) were carried out using standard
NMR pulse techniques. The samples were sealed
in quartz tubes.

3. RESULTS AND DISCUSSION

3.1. LiSCN

As shown in fig. 1, all the samples con-
taining LiSCN are conductive at high temper-
atures with the conductivity increasing as the
In the case of LiSCN
complexed materials, the maximum polymer:salt
ratio was about 1:1. It is apparent that the
conductivity for that material is quite high,
reaching almost 10-3 (otxm—cm)"I at about 100°C.

The increase in the conductivity with
concentration is in marked contrast to the
polyethers where the conductivity goes through
a maximum at fairly low salt concentrations.6
Next, when the materials are placed in a
vacuum, the conductivity tends to decrease with
time. A plot of the time dependence is shown
in fig. 2. This immediately suggests that
water is somehow associated with the conduct-
ivity. As seen by the FTIR traces in fig. 3,
there are traces of water present even though
extensive efforts were made to eliminate it.

amount of salt increases.

log1 o(c(ohr;-cm)“ )

-9.75
-9.85
-9.95
-10.05
-10.15
0BT 30 45 e 75
t(hours)
FIGURE 2

Electrical conductivity vs. time at 300K in
vacuum for PVAc:LiSCN (2:1).

Further information concerning water in the
samples is given by the DSC results shown in
fig. 4 for a 2:1 sample. For comparison, DSC
traces for both the host polymer and-LiSCN are
shown in fig. 5. If the polymer is exposed to
the atmosphere for a very short amount of time,
the glass transition temperature, Tg, drops.
For example, fig. 4 shows that a typical dry
box sample has a T, of about 20°C but this
drops to about —15§C after being exposed to the

~ atmosphere for about 1/2 hour.

Consequently, one factor contributing to the
increase in conductivity is the decrease in TB'
However, classic amorphous behavior is not ob-
served since, as is apparent from fig. 1, the
conductivity vs. temperature plots are
Arrhenius. Note that the results shown in fig.
1 do not take the time dependence of the
conductivity into account, and thus the shape
of the curves is uncorrected for this factor.
However, those effects are relatively small
over the duration of a data run.

Next, the FTIR results in fig. 3 show that
the carbonyl frequency decreases in wave number
from 1737 em~! for uncomplexed PVAc to 1708
cm~! for the 2:1 and 1:1 material. Also, the
ether frequency increases from 1240 em=1 to
1278 and 1284 cm™! for the 2:1 and 1:1

AT A St e
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FIGURE 3
FTIR absorption spectra for: (a) uncomplexed
PVAc: (b) PVAc:LiSCN (2:1), initially prepared;
(c) PVAc:LiSCN (1:1), after drying at 1209C for
24 h; (d) Sample (c) after exposure to the
atmosphere for 1 h; (e) PVAc:LiC10s (4:1),
initially prepared; (f) material which results
from adding LiCF3S03 to PVAc.

material, respectively. c

This behavior is 07 \<\0-—R'
consistent with the model 1 !
proposed by Wissbrun and (-) *hi’\ H
Hannon for PVAc ﬂ?//
polymer-salt complexes H
shown to the right.

1

if the complexed phase is relatively non-
conducting. Specifically, it is proposed that
while water may be necessary for the complex-
ation, excess water destroys it increasing the
conductivity. Some evidence in favor of this
model {s contained in fig. 3 where the spectrum
for a "wet" 1:1 sample is shown, Both the
shifts in the carbonyl and ether frequencies
are reduced by excess water indicating that the
complexation is eliminated by excess water.

The result is a highly conducting aqueous
solution bound by the polymer,

The conductivity can be reduced even faster
by heating to about 110°C in a vacuum. In
fact, the conductivity for a 1:1 sample left at
120°C in a vacuum for 48 hours was 10% lower
than the initially prepared material. Part of
the reason for the drop is shown in fig. 4¢
which shows a very high Tg of about 90°C. How-
ever, the samples also turn dark irreversibly
suggesting decomposition. The FTIR results for
the Tow conductivity PVAc containing- LiSCN
shown in fig. 3 suggest the mechanism for the
decomposition. Specifically, IR absorption is
induced at about 1600 cm~! and it appears that
the acetate absorption decreases. Consequent-
ly, it is suggested that elevated temperatures
may affect pyrolysis with the concomitant loss
of acetic acid since the induced absorption
occurs at about the position expected for an
olefin. On the basis of the model described
above, the cations would then be released. The
conductivity would then be lowered even more
rapidly than is expected on the basis of incr-
eased loss of water at high temperature if sig-
nificant ion pairing subsequently takes place.

However, the nature of the charge carriers
in PVAc has not yet been unambiguously {den-
tified. In fact, there has been a report of
electronic conductivity in iodine containing
PVACT In that case the temperature dependence
did not resemble that observed in the present
work. The pressure dependence of the
conductivity gives some information concerning
the nature of the charge carriers. Such
experiments have been carried out and a value
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FIGURE 4

DSC thermograms for PVAc:LiSCN (2:1): (a)
initially prepared; (b) after exposure to the
atmosphere for 0.5 h; {c) after drying at 120°C
for 24 h,

of dinG/dP=-9.8/GPa is obtained which is on the
order of that observed in the po’lyether‘ss'8 and
thus ionic conduction is inferred,

3.2, LiC104

The electrical conductivity in PVAc contain-
ing LiC104 also shows Arrhenius behavior as is
apparent in fig. 1 of ref. 3. It was found
that 4:1 material had a larger conductivity,
however, higher concentrations were not tested.
As is apparent from the FTIR traces in fig. 3,
traces of water were present and thus the
comments concerning the conductivity mechanism
are the same as discussed above for PVAc:LiSCN.

In order to gain further information con-
cerning the nature of these materials, NMR
studies have been performed. Previous TLi NMR
measurements on 8:1 material demonstrated
classic motional narrowing above room temper-
ature, reflecting a corresponding increase in
chain and ion mobility.3 Spin-lattice relax-
ation (T,) data, obtained using a steady state
(n/2—1r)n pulse sequence, at a 7L frequency of
155 MHz for both 8:1 and 4:1 are displayed in
fig. 6a. The relaxation behaviors of both
materials exhibit strong similarities, with one
important exception. At lower temperatures,
the 4:1 recovery profile indicates the presence

o
o

E
£ 0.6
(o}
©
c
W 0.4
1 PVAc
0.2
0
-150 -50 S0 150 250 350
T(°C)
FIGURE §

DSC thermograms for two of the starting mate-
rials used in the present work.

of at least two separate processes which differ
in T; by an order of magnitude. For example,
the 4:1 data at 234K, 263K, and 273K are best
fit by two T, values: 59s, 8.2s (234K); 51s,
5.9s5 (263K); and 51s, 4.7s (273K). At higher
temperatures (3330K) the difference between the
two Tq's becomes less pronounced; for example
the data at 405K are consistent with separate
Ty values of 4+2s and 1s. The 4:1 Ty data in
fig. 6a represent only the shorter values
extracted from the recovery curves. Although
slightly nonexponential relaxation was noted in
the earlier 8:1 work.3 single-valued T1's were
still obtainable. A comparison of the recovery
profiles of 8:1 and 4:1 at similar temper~
atures, shown in fig. 6b, demonstrates the
important qualitative difference between the
two materials. Different Tq's in the same
sample (4:1) suggest the possibility of
different Li-sites in the polymer complex. The
presence of more than one Li-site in 4:1 is
consistent with the model proposed above
assuming the presence of excess water in the
samples, the two sites being complexed and
uncomplexed Li. The FTIR results shown in fig.
3 for the 4:1 material indicate that complex-
ation takes place in that the carbonyl region
is composed both of an unshifted (1734 cm'l)
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(a) R Ty values for PVAc:LiC104 4:1 (o)
(only the shorter Ty is included) and 8:1 (o).
Least squares fits to the data yield activation
energies of 0.11 eV for 4:1 and 0.14 eV for

8:1. (b) Ty recovery profiles for 4:1 (o) at
254K and 8:1 (o) at 256K.

and a shifted (1708 cm™1) peak. In addition,
the ether absorption is complicated. It will
be of interest to perform high resolution NMR
measurements (i.e. magic angle spinning) in
order to resolve the two sites structurally,
The temperature dependence of the 14 line-

widths of 4:1 and B:1 are shown in fig. 7.
Both materials exhibit a comparable degree of
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25+ 4
o o . (PVM&LICK)‘
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W32 a0 a8 56
1000 K
T

- FIGURE 7
Li linewidth temperature dependence for PVAc:
LiC104 4:1 (o) and 8:1 (o).
motional narrowing above 320K. The rigid
(T220K) linewidths in the two samples are also
comparable. The Ty lineshape in the polymer
. complex is attributable primarily to the nuc-
' ear dipole~-dipole interaction between TLi and
H (heteronuclear) and between TLi and Ui
(homonuclear); where other possible interact-
ions such as 7Li-6Li or 7Li-13C have been
neglected. Careful measurements of m/2 pulse
widths (relative to a liquid standard) and the
absence of structures in the lineshapes suggest
a negligibly small nuclear quadrupole
interaction which, in turn, implies a highly
symmetric environment for the Li* ions.d
It is possible to distinguish homonuclear
from heteronuclear contributions to the line-
widths simply by measuring the spin-spin relax-
! ation time (T5), where Av (hom)=1/nT,. Rigid
(T=178K) T, values have been obtained for 4:1
| (320 s) and 8:1 (410 s), using a Carr-Purcell-~
' Meiboom-Gi11 pulse sequence. These results can
be used in conjunction with a standard second
moment formalism!0 to deduce an average Li-L1{
separation, dj 4, in the complexes. The second
moment contains the factor E1/rgk where ik




are the internuclear distances. For simple
cubic symmetry the summation reduces to 8.5d78
where d is the lattice constant. Although
there is no compelling physical justification
for using this simple expression in our

calculations, we have chosen to do so on the
basis that departures from the numerical factor
8.5 will be reduced by the sixth root in the
final result for d ;. We obtain d4*4.7A for
8:1 and dj ;=4.3A for 4:1. Note that the T,
measurements in 4:1 were performed so as not to
saturate the long T, component, which would
have yielded an erroneously longer TZ- The
observation that T, does not quite scale with
Li-concentration in the two complexes implies
that the Li is not uniformly or randomly
distributed in the polymer matrix.

3.2. LiCF3S04

Finally, the results for the conductivity of
the as-prepared material obtained after adding
LiCF3505 to PVAc are also shown in fig. 1.

Once again the conductivities are reasonably
high. However, that material also exhibits
time dependence when placed in a vacuum.

In order to determine the nature of the
material FTIR studies were also carried out and
the results are shown in fig. 4. Clearly, the
material is not PVAc. In fact, the FTIR stud-
ies indicate that the new material is probably
poly(vinyl alcohol) (PVOH). Presumably, the

‘ triflate ion is sufficiently nucleophilic to

remove the acetate moiety leaving lithium
alkoxide at those locations where acetate
cleavage occurs., That is not surprising as
Wissbrun and Hannon studied compiexing of salts
with PVOH and found that the results were quite
similar to that observed for PVAc,!

4. CONCLUSIONS

In summary, then, the electrical properties
of PVAc complexed with lithium salts have been
studied. In the case of LiCF3503, the
resultant polymer is PVOH. Relatively large
conductivites are observed after initial

preparation, but decrease with time when the
material is in vacuum. Approximately Arrhenjus
behavior is observed and the conductivity
increases with concentration of salt. In
addition, NMR, FTIR, and DSC results have been
presented. All results are interpreted in
terms of the model of Wissbrun and Hannon where
water is the solvating species.

ACKNOWLEDMENTS
The authors would like to thank John Schultz
for help with the data acquisition,

REFERENCES

" 1. K.F. Wissbrun and M.J. Hannon, J. Polymer

Sci.: Polymer Phys. Ed. 13 (1975) 223.

2. N.K, Kalfoglou, J. Polymer Sci,: Polymer
Phys. Ed. 20 (1982) 1259.

3. M.C. Wintersgill, J.J. Fontanella, J.P.
Calame, S.G. Greenbaum, and C.G. Andeen,
J. Electrochem. Soc. 131 (1984) 2208.

4, R, D. Armstrong and M. D. Clarke, Electro-
chimica Acta. 29 (1984) 1443,

5. J.J. Fontanella, M.C. Wintersgill, J.P,
Calame, M.K. Smith, and C.G. Andeen, DSC
and high pressure conductivity and elect-
rical relaxation in PPO and PPO complexed
with lithium salts, this volume.

6. P.M, Blonsky, D.F. Shriver, P. Austin, and
H.R. Allcock, J. Am, Chem. Soc. 106 (1984)
6854,

. 7. P.C. Mehendru, N.L. Pathak, K. Jain, and

P. Mehendru, Phys. Stat. Sol. (a) 42
(1977) 403.

8. J.J. Fontanella, M.C. Wintersgill, J.P.
Calame, F.P. Pursel, D.R. Figueroa, and
C.G. Andeen, Solid State lonics 9&10
(1983) 1139,

9. S.G. Greenbaum and J.J. Fontanella, in
Relaxation in Complex Systems, eds. K.L.
Ngai and G.B. Wright (NTIS, Springfield,
VA, 1984) pp. 211-219,

10. A. Abragam, Principles of Nuclear Mag-
netism (Oxford, U.K., 1978) p. 111.

ERE.




.....................

Ty e ey wy ey

NI AR M S I B A R A B G it 4 A e ael ped bl aod

0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Dr. Paul Delahay
Department of Chemistry
New York University

New York, New York 10003

Dr. P. J. Hendra
Department of Chemistry
University of Soauthampton
Southampton S09 5NH
United Kingdom

Or. J. Driscoll

Lockheed Palo Alto Research
Laboratory

3251 Hanover Street

Palo Alto, California 94304

Dr. D. N. Bennion

Department of Chemical Engineering
Brigham Young University

Provo, Utah 84602

Dr. R. A. Marcus

Department of Chemistry

California Institute of Technology
Pasadena, California 91125

Dr. J. J. Auborn
Bell Laboratories
Murray Hill, New Jersey 07974

Dr. Joseph Singer, Code 302-1
NASA-Lewis

21000 Brookpark Road
Cleveland, Ohio 44135

Dr. P. P. Schmidt
Department of Chemistry
Oakland University
Rochester, Michigan 48063

Dr. Manfred Breiter

Institut fur Technische Elektrochemie
Technischen Universitat Wien

9 Getreidemarkt, 1160 Wien

AUSTRIA

Dr. E. Yeager

Department of Chemistry

Case Western Reserve University
Cleveland, Ohio 44106

Dr. C. E. Mueller

The Electrochemistry Branch
Naval Surface Weapons Center
White Oak Laboratory

Silver Spring, Maryland 20910

Dr. Sam Perone
Chemistry & Materials
Science Department
Lawrence Livermore National Laboratory
Livermore, California 94550
Dr. Royce W. Murray
Department of Chemistry
University of North Carolina
Chapel Hill, North Carolina 27514

Dr. B. Brummer

EIC Incorporated

111 Downey Street

Norwood, Massachusetts 02062

Dr. Adam Heller
Bell Laboratories
Murray Hill, New Jersey 07974

Dr. A. B. Ellis

Chemistry Department
University of Wisconsin
Madison, Wisconsin 53706

Library N
) Duracell, Inc. WY cddvess
I Burlington, Massachusetts 01803

Electrochimica Corporation
20 Kelly Court
Menlo Park, California 94025-1418




bt YA ey

LJand jantt et Jugth buanll )

TECHNICAL REPORT DISTRIBUTION LIST, GEN

0L /413/83/01
GEN/413-2

Office of Naval Research
Attn: Code 413

800 N. Quincy Street
Arlington, Virginia 22217

Dr. Bernard Douda

Naval Weapons Support Center
Code 5042

Crane, Indiana 47522

Commander, Naval Air Systems
Command

Attn: Code 310C (H. Rosenwasser)

Washington, D.C. 20360

Naval Civil Engineering Laboratory
Attn: Dr. R. W. Drisko
Port Hueneme, California 93401

Defense Technical Information Center
Building 5, Cameron Station
Alexandria, Virginia 22314

DTNSRDC

Attn: Dr. G. Bosmajian
Applied Chemistry Division .
Annapolis, Maryland 21401

Dr. William Tolles
Superintendent

Chemistry Division, Code 6100
Naval Research Laboratory
wWashington, 0.C. 20375

No.

Copies

2

12

Dr. David Young

Code 334

NORDA

NSTL, Mississippi 39529

Naval Weapons Center

Attn: Dr. Ron Atkins
Chemistry Division

China Lake, California 93555

Scientific Advisor i
Commandant of the Marine Corps
Code RD-1

Washington, D.C. 20380

U.S. Army Research Office
Attn: CRD-AA-IP

P.0. Box 12211

Research Triangle Park, NC 27709

Mr. John Boyle 1
Materials Branch

Naval Ship Engineering Center
Philadelphia, Pennsylvania 19112

Naval Ocean Systems Center 1
Attn: Dr. S. Yamamoto

Marine Sciences Division

San Diego, California 91232




v

By e

0L /413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Dr. M. Wrighton
Chemistry Department
Massachusetts Institute
of Technology
Cambridge, Massachusetts 02139

Dr. B. Stanley Pons
Department of Chemistry
University of Utah

Salt Lake City, Utah 84112

Donald E. Mains

Maval Weapons Suwpport Center
Electrochemical Power Sources Division
Crane, Indiana 47522

S. Ruby

DOE (STOR)

Room 5E036 Forrestal Bldg., CE-14
Washington, D.C. 20595

Dr. A. J. Bard
Department of Chemistry
University of Texas
Austin, Texas 78712

Dr. Janet Osteryoung
Department of Chemistry
State University of New York
Buffalo, New York 14214

Dr. Donald W. Ernst

Naval Surface Weapons Center
Code R-33

White Oak Laboratory

Silver Spring, Maryland 20910

Mr. James R. Moden

Naval Underwater Systems Center
Code 3632

Newport, Rhode Island 02840

Dr. Bernard Spielvogel

U.S. Army Research Office

P.0. Box 12211

Research Triangle Park, NC 27709

Or. Aaron Fletcher

Naval Weapons Center

Code 3852

China Lake, California 93555

Dr. M, M, Nicholson
Electronics Research Center
Rockwell International

3370 Miraloma Avenue
Amaheim, California

Dr. Michael J. Weaver
Department of Chemistry

Purdue University

West Lafayette, Indiana 47907

Dr. R. David Rauh

EIC Laboratories, Inc.

111 Downey Street

Norwood, Massachusetts 02062

Dr. Aaron Wold

Department of Chemistry

Brown University

Providence, Rhode Island 02192

Dr. Martin Fleischmann
Department of Chemistry
University of Southampton
Sauthampton S09 S5NH ENGLAND

Dr. R. A. Osteryoung
Department of Chemistry
State University of New York
Buffalo, New York 14214

Dr. John Wilkes

Air Force Office of Scientific
Research

Bolling AFB

Washington, D.C. 20332

Dr. R. Nowak

Naval Research Laboratory
Code 6171

Washington, D.C. 20375

Dr. D. F. Shriver
Department of Chemistry
Northwestern University
Evanston, I11lincis 60201




0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Or. Hector D. Abruna
Department of Chemistry
Cornell University
Ithaca, New York 14853

Dr. A. B. P. Lever
Chemistry Department

York University
Downsview, Ontario M3J1P3

Dr. Stanislaw Szpak

Naval Ocean Systems Center
Code 633, Bayside

San Diego, California 95152

Dr. Gregory Farrington

Department of Materials Science
and Engineering

University of Pennsylvania

Philadelphia, Pennsylvania 19104

M. L. Robertson
Manager, Electrochemical

and Power Sources Division
Naval Weapons Swport Center
Crane, Indiana 47522

Or. T. Marks

Department of Chemistry
Northwestern University
Evanston, I1linois 60201

Dr. Micha Tomkiewicz
Department of Physics
Brooklyn College
Brooklyn, New York 11210

Dr. Lesser Blum

Department of Physics
University of Puerto Rico

Rio Piedras, Puerto Rico 00931

Dr. Joseph Gordon, II

1BM Corporation

5600 Cottle Road

San Jose, California 95193

Dr. Nathan Lewis

Department of Chemistry
Stanford University
Stanford, California 94305

Dr. D. H. Whitmore

Department of Materials Science
Northwestern University
Evanston, I1linois 60201

Dr. Alan Bewick

Department of Chemistry

The University of Sauthampton
Southampton, S09 5NH ENGLAND

Or. E. Anderson

NAVSEA-56Z33 NC #4

2541 Jefferson Davis Highway
Arlington, Yirginia 20362

Dr. Bruce Dunn

Department of Engineering &
Applied Science

University of California

Los Angeles, California 90024

Dr. Elton Cairns

Energy & Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Dr. Richard Pollard

Department of Chemical Engineering
University of Houston

Houston, Texas 77004

Dr. M, Philpott
IBM Corporation
5600 Cottle Road
San Jose, California 95193

Dr. Donald Sandstrom
Boeing Aerospace Co.

P.0. Box 3999

Seattle, Washington 98124

Dr. Carl Kannewurf

Department of Electrical Engineering

and Canputer Science
Northwestern University
Evanston, I11inois 60201

Dr. Joel Harris

Department of Chemistry
University of Utah

Salt Lake City, Utah 84112

hd it S L i

R e B




‘V."TW'.'- o
. - S

oy m——
L et

0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Dr. Robert Somoano
Jet Propulsion Laboratory

California Institute of Technology

Pzsadena, California 91103
Dr. Johann A. Joebstl

USA Mobility Equipment R&D Command

DROME-EC
Fort Belvoir, Virginia 22060

Dr. Judith H. Ambrus
NASA Headquarters

M.S. RTS-6

Washington, 0.C. 20546

Dr. Albert R. Landgrebe

U.S. Department of Energy
M.S. 6B025 Forrestal Building
Washington, D.C. 20595

Or. J. J. Brophy
Department of Physics
University of Utah

Salt Lake City, Utah 84112

Or. Charles Martin
Department of Chemistry

Texas A&M University '
College Station, Texas 77843

Dr. H. Tachikawa
Department of Chemistry
Jackson State University
Jackson, Mississippi 39217

Dr. Theodore Beck
Electrochemical Technology Corp.
3935 Leary Way N.W.

Seattle, Washington 98107

Dr. Farrell Lytle

Boeing Engineering and
Construction Engineers

P.0. Box 3707

Seattle, Washington 98124

Dr. Robert Gotscholl

U.S. Department of Energy
MS G-226

Washington, D.C. 2054%

Dr. Edward Fletcher

Department of Mechanical Engineering
University of Minnesota

Minneapolis, Minnesota 55455

Or. John Fontanella
Department of P

Dr. Martha Greenblatt

Department of Chemistry

Rut gers University

New Brunswick, New Jersey 08903

Or. John Wasson

Syntheco, Inc.

Rte 6 - Industrial Pike Road
Gastonia, North Carolina 28052

Dr. Walter Roth

Department of Physics

State University of New York
Albany, New York 12222

Dr. Anthony Sammells

Eltron Research Inc.

4260 Westbrook Drive, Suite 111
Aurora, I1linocis 60505

Dr. C. A. Angell

Department of Chemistry

Purdue University

West Lafayette, Indiana 47907

Or. Thomas Davis

Polymer Science and Standards
Division

National Bureau of Standards

Washington, D.C. 20234

Ms. Wendy Parkhurst

Naval Surface Weapons Center R-33
R-33

Silver Spring, Maryland 20910




...............................................

- v A i e A S S Sl Sants St Jiadh Shufh et s Seudt Jeadh et ot

0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

: Dr. John Owen
h Department of Chemistry and

Applied Chemistry
University of Salford
9 Salford M5 4WT ENGLAND

t? Or. Boone Owens

- Department of Chemical Engineering
and Materials Science

University of Minnesota

Minneapolis, Minnesota 55455

Or. J. 0. Thomas
University of Uppsala
Institute of Chemistry
Box 531

S-751 21 Uppsala, Sweden

Dr. 0. Stafsudd

Department. of Electrical Engineering
University of California

Los Angeles, California 90024

Dr. S. G. Greenbaum
Department of Physics
Hunter College of CUNY
New York, New York 10021

Dr. Menahem Anderman
W.R. Grace & Co.
Columbia, Maryland 20144 :




vyl Sl A S A AR A R i S
AV NIRCIROBESL N

e
RS ¢
| -, 4
3 .

1
)

L~

12-85 |




